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(54) Method and apparatus for anchoring optical fiber 



(57) Substantially the same material as a jacket 
material of an optical fiber, for example, a UV-curable 
resin, is molded into a shape which covers the anchor 
position of an optical fiber and has a convex for facilitat- 
ing anchoring. Ultraviolet light is then applied to cure the 
UV-curable resin to form a covering material. Since this 
covering material is substantially the same as the jacket 
material of the optical fiber, the adhesive strength 
between the optical fiber and the covering material is 



high. Further, there is no chemical adverse effect on the 
optical fiber to provide long-term reliability. By virtue of 
the above construction, there can be provided an optical 
fiber-anchoring method and an optical fiber-anchoring 
apparatus which can realize no significant transmission 
loss of the optical fiber, good long-term reliability, and 
satisfactory anchor force. 



FIG. 1 



23 

SHEAR 

PLANE OF ^ 



CONCAVE 



22 

focus 



GROOVE- 



.✓^MATERIAL 
21 (210) 



20 

OPTICAL 
RBER 

J 



22b 23 2lo 22 



21(210: 
COVER] 




REStt) 



CM 
< 
00 

o> 

CM 

o> 
o 



CL 
LU 



Printed by Xerox (UK) Business Services 
2.16.7 (HRSV3^ 



1 



EP 1 092 998 A2 



2 



Description 

FIELD OF THE INVENTION 

[0001] The invention relates to a method and appa- 
ratus for anchoring an optical fiber. 

BACKGROUND OF THE INVENTION 

[0002] Rg. 6 is a cross-sectional view of an exam- 
ple of an optical submarine cable. 
[0003] The optical submarine cable shown in the 
drawing comprises: an optical core 1 ; steel wires 2 pro- 
vided around the optical core 1 ; a copper tube 3 pro- 
vided on the periphery of the steel wires 2; a 
waterproofing compound 4 provided among the optical 
core 1 , the steel wires 2, and the copper tube 3; and an 
insulator 5 provided as the outermost layer. 
[0004] Rg. 7 is a cross-sectional view of an exam- 
ple of the conventional optical core used in the optical 
submarine cable shown in Fig. 6. 
[0005] The optical core 1 for an optical submarine 
cable shown in Fig. 7 comprises: a central tension 
member 6; a plurality of optical fibers 7 disposed paral- 
lel to the central tension member 6 or spirally around the 
central tension member 6; and a plastic filler 8 filled into 
gaps between the central tension member 6 and the 
optical fiber 7 so as to have a circular section. 
[0006] In anchoring this type of optical submarine 
cable to a predetermined position, the central tension 
member 6 of the optical core 1 has hitherto been 
mechanically fixed onto the predetermined position 
(coupling with a joint and a repeater not shown). 
[0007] On the other hand, in order to cope with 
wavelength multiplexing in an optical transmission sys- 
tem, optical fibers of large mode and low dispersion or 
low dispersion slope, which are different from the con- 
ventional optical fiber, have become used. Since these 
optical fibers have a complicate profile, the conventional 
optical core structure has been likely to increase trans- 
mission loss. 

[0008] A loose tube-type optical core structure as 
shown in Rg. 8, which is less likely to increase the trans- 
mission loss, has become adopted as a measure for 
reducing the transmission loss. 

[0009] Rg. 8 is a cross-sectional view of another 
example of the conventional optical core used in the 
optical submarine cable shown in Rg. 6. 
[0010] The optical core 9 shown in Fig. 8 com- 
prises: parallelly or spirally disposed optical fibers 7; a 
jelly 10 filled around the optical fibers 7 so as to have a 
circular section; and a plastic tube 1 1 provided on the 
periphery of the jelly 1 0. 

[0011] Unlike the optical core 1 shown in Rg. 7, the 
loose tube-type optical core 9 shown in Rg. 8 does not 
have a central tension member 6, and thus makes it 
necessary to directty anchor the optical fibers 7. 
[0012] Rg. 9 A is a plan and perspectiv view of an 



apparatus to which a conventional optical fiber-anchor- 
ing method has been applied. Fig. 9B is a cross-sec- 
tional view taken on line A-A of Fig. 9A. 
[0013] In this apparatus, the anchor position of a 

5 plurality of optical fibers 12 is formed in a tape form 
using an adhesive 13. The optical fibers 12 in their tape 
portion is inserted into a through hole in a shrinkable 
tube 15 containing two shrinkable tube reinforcements 
14, followed by heating for integration. The shrinkable 

io tube 15 is then placed within a shrinkable tube fixing 
material 1 6 which is then fixed to anchor the optical fib- 
ers 12. Numeral 17 designates an adhesive applied to 
the inside of the through hole in the shrinkable tube 15. 
[0014] In this method, it is considered that the 

is shrinkable tube 15 applies a lateral pressure, the adhe- 
sive 1 7 enhances the coefficient of friction, and, in addi- 
tion, the adhesive force of the adhesive 1 7 is utilized. 
The magnitude and direction of anchor force F or the 
like in the anchoring apparatus are shown in Rg. 1 0 and 

20 are expressed by the following equation: 

F=jiWL + F 0 

wherein 

25 

F: anchor force, N; 
u: coefficient of friction; 

W: lateral pressure by the shrinkable tube, N/m; 
L length which receives lateral pressure, m; and 
30 F 0 : adhesive force of the adhesive, N. 

[0015] Rg. 10 is a conceptual view illustrating the 
anchor force applied to the optical fiber in the anchoring 
apparatus. 

35 [0016] The prior art techniques described above, 
however, had the following problems. 

(1) For the method wherein a lateral pressure is 
applied to optical fibers to anchor the optical fibers, 

40 the lateral pressure is likely to increase the trans- 
mission loss. 

(2) The anchor force depends upon the coefficient 
of friction between the fixing material and the opti- 
cal fibers. Since, however, one of the two members 

45 is the optical fiber, it is difficult to provide a large 
coefficient of friction. Even when an adhesive is 
applied to enhance the coefficient of friction, good 
long-term reliability cannot be realized without diffi- 
culty. 

so (3) It is difficult to realize good long-term reliability in 
terms of the adhesive force of the adhesive. 

SUMMARY OF THE INVENTION 

55 [0017] Accordingly, it is an object of the invention to 
solve the above problems of the prior art and to provide 
an optical fiber-anchoring method and an optical fiber- 
anchoring apparatus which can realize no significant 
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transmission loss of the optical fiber, good long-term 
reliability, and satisfactory anchor force. 
[0018] In order to attain the above object, according 
to the first feature of the invention, an optical fiber- 
anchoring method comprises the steps of: s 

fixing a covering material onto the anchor position 

of at least one optical fiber so as to cover the 

anchor position, said covering material having been 

produced from substantially the same material as a 10 

jacket material of the optical fiber; 

fixing the covering material to the inside of a fixing 

material for anchoring; and 

anchoring the fixing material to a predetermined 

position. 15 

[001 9] According to the second feature of the inven- 
tion, an optical fiber-anchoring method comprises the 
steps of: 

20 

fixing a covering material onto the anchor position 
of a tension member and at least one optical fiber 
so as to cover the anchor position, said covering 
material having been produced from substantially 
the same material as a jacket material of the optical 25 
fiber; and 

anchoring the tension member. 

[0020] According to the third feature of the inven- 
tion, an optical fiber-anchoring apparatus for anchoring 30 
at least one optical fiber, comprises: 

a covering material fixed onto the anchor position of 
the optical fiber so as to cover the anchor position, 
said covering material having been produced from 35 
substantially the same material as a jacket material 
of the optical fiber; and 

a fixing material to which the covering material is 
fixed and which is anchored to a predetermined 
position. 40 

[0021] According to the optical fiber-anchoring 
apparatus of the invention, in addition to the above con- 
struction, the covering material preferably has a convex 
and the fixing material has a concave into which the 45 
convex is fitted. 

[0022] According to the fourth feature of the inven- 
tion, an optical fiber-anchoring apparatus for anchoring 
at least one optical fiber, comprises: 

so 

a tension member arranged in combination with the 
optical fiber; and 

a covering material fixed onto the anchor position of 
the tension member and the optical fiber so as to 
cover the anchor position, said covering material 55 
having been produced from substantially the same 
material as a jacket material of the optical fiber. 



[0023] According to the optical fiber-anchoring 
apparatus of the invention, in addition to the above con- 
struction, the covering material preferably has been pro- 
duced from a UV-curable resin. 

[0024] Substantially the same material as a jacket 
material of an optical fiber, for example, a UV-curable 
resin, is molded into a shape which covers the anchor 
position of an optical fiber and has in its center a convex 
for facilitating anchoring. Ultraviolet light is then applied 
to cure the UV-curable resin to form a covering material. 
Since this covering material is substantially the same as 
the jacket material of the optical fiber, the adhesive 
strength between the optical fiber and the covering 
material is high. Further, there is no chemical adverse 
effect on the optical fiber to provide good long-term reli- 
ability. 

[0025] On the other hand, the fixing material is not 
anchored to the covering material by the lateral pres- 
sure, but by a method wherein a groove for receiving the 
covering material is provided inside the fixing material 
so that the convex of the covering material is fitted into 
the groove to apply a stress to the shearing direction, 
whereby the tensile stress of the optical fiber becomes 
the shearing force of the covering material in its convex. 
As a result, the optical fibers can be anchored without 
substantially increasing the transmission loss. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The invention will be explained in more detail 
in conjunction with the appended drawings, wherein: 

Fig. 1 is a plan view of a preferred embodiment of 
the optical fiber-anchoring apparatus according to 
the invention; 

Figs. 2A to 2D are explanatory views of a preferred 
embodiment of the optical fiber-anchoring method 
according to the invention; 

Fig. 3 is a plan view of another preferred embodi- 
ment of the optical fiber-anchoring apparatus 
according to the invention; 

Fig. 4A is a plan view of a further preferred embod- 
iment of the optical fiber-anchoring apparatus 
according to the invention, and Fig. 4B a cross-sec- 
tional view taken on line C-C of Fig. 4A; 
Fig. 5A is a plan view of an example of the optical 
fiber-anchoring apparatus according to the inven- 
tion, and Fig. 5B a cross-sectional view taken on 
line D-D of Fig. 5A. 

Rg. 6 is a cross-sectional view showing an example 
of an optical submarine cable; 
Rg. 7 is a cross-sectional view of an example of a 
conventional optical core used in the optical sub- 
marine cable shown in Rg. 6; 
Rg. 8 is a cross-sectional view of another example 
of the conventional optical core used in the optical 
submarine cable shown in Rg. 6; 
Rg. 9A is a plane and perspective view of an appa- 
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ratus to which the conventional optical fiber-anchor- 
ing method has been applied, and Fig. 9B a cross- 
sectional view taken on line A-A of Fig. 9A; and 
Fig. 10 Is a conceptual view illustrating the anchor 
force applied to an optical fiber in an anchoring s 
apparatus. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0027] The preferred embodiments of the invention 
will be explained in more detail in conjunction with the 
accompanying drawings. 

[0028] Fig. 1 is a plan view of a preferred embodi- 
ment of the optical fiber-anchoring apparatus according 
to the invention. 

[0029] The optical fiber-anchoring apparatus in the 
drawing is an optical fiber-anchoring apparatus for 
anchoring at least one optical fiber, and comprises: a 
covering material 21 which has been produced from 
substantially the same material as a jacket material of 
an optical fiber 20 and is fixed onto the anchor position 
of the optical fiber 20 so as to cover the anchor position; 
and a fixing material 22 which is fixed so as to cover the 
covering material 21 and is anchored to a predeter- 
mined position. A chain double-dashed line 23 repre- 
sents a shear plane of the covering material 21 . 
[0030] The covering material 21 is produced from a 
UV-curabie resin 210 and has a convex 21a. The fixing 
material 22 has a groove 22a provided with a concave 
22b fitted into the convex 21 a. 

[0031] The fixing material 22 is fixed onto a prede- 
termined position to anchor the optical fiber 20. This 
optical fiber-anchoring apparatus can prevent an 
increase in lateral pressure applied to the optical fiber 
20 and thus does not cause an increase in transmission 
loss and can realize good long-term reliability. 
[0032] Figs. 2A to 2D are explanatory views of a 
preferred embodiment of the optical fiber-anchoring 
method according to the invention, wherein Fig. 2B is a 
cross-sectional view taken on line B-B of Fig. 2A. 
[0033] It is common practice to simultaneously 
anchor a plurality of optical fibers. Therefore, anchoring 
of a plurality of optical fibers will be described. However, 
it should be noted that this can be applied to anchoring 
of one optical fiber. 

[0034] A plurality of optical fibers 30 (although four 
optical fibers are used in the drawing, the number of 
optical fibers is not limited) are arranged parallel to one 
another. A UV-curable resin 320 is thinly coated on the 
optical fibers 30 by the length La of a fixing material 31 
to integrate the optical fibers 30 (Figs. 2A and 2B). 
[0035] The UV-curable resin-coated portion in the 
integrated optical fibers 30 is placed within a groove 31a 
in a fixing material 31 (Fig. 2C). 

[0036] A UV-curable resin 320 is filled into the 
groove 31a and the concave 31b in the fixing material 
31. Ultraviolet light is applied to cure the UV-curable 



resin 320, thereby forming a covering material 32. Thus, 
the optical fibers 30, the fixing material 31 , and the cov- 
ering material 32 are integrated to prepare an optical 
fiber-anchoring apparatus (Fig. 2D). 
[0037] Fig. 3 is a plan view of another preferred 
embodiment of the optical fiber-anchoring apparatus 
according to the invention. 

[0038] The preferred embodiment shown in Fig. 3 is 
different from the preferred embodiment shown in Fig. 1 
in that a plurality of convexes 33a and a plurality of con- 
caves 34b are provided respectively in the covering 
material 33 and in the groove 34a of the fixing material 
34. 

[0039] In this optical fiber-anchoring apparatus, four 
optical fibers 30 are fixed to the fixing material 34 having 
three concaves 34b. After the four optical fibers 30 inte- 
grated with one another by a UV-curable resin 330 is 
placed within the fixing material 34, the UV-curable 
resin 330 is filled, followed by ultraviolet irradiation to 
cure the UV-curable resin 330, thereby forming a cover- 
ing material 33 fixed to the fixing material 34. 
[0040] According to this optical fiber-anchoring 
apparatus, since a plurality of convexes 33a and a plu- 
rality of concaves 34b (although three covexes and 
three concaves are provided in the drawing, the number 
of convexes and concaves is not limited) are provided, 
the concentration of stress on the optical fibers 30 can 
be prevented and, in addition, the anchor force is 
increased, thus contributing to no increase in transmis- 
sion loss and, in addition, good long-term reliability. 
[0041] Fig. 4A is a plan view of a further preferred 
embodiment of the optical fiber-anchoring apparatus 
according to the invention, and Fig. 4B a cross-sectional 
view taken on line C-C of Fig. 4A. 
[0042] The preferred embodiment shown in Fig. 4A 
is different from the preferred embodiment shown in Fig. 
1 in that a plurality of optical fibers 30 are integrated with 
a tension member 35 with the aid of a UV-curabie resin 
32. 

[0043] In this optical fiber-anchoring apparatus, a 
part of the plurality of the optical fibers 30 and the ten- 
sion member 35 is covered with a UV-curable resin 32. 
Ultraviolet light is then applied to cure the UV-curable 
resin 32, and the end of the tension member 35 is fixed 
to anchor the optical fibers 30. 

[0044] Also in this optical fiber-anchoring appara- 
tus, the application of lateral pressure to the optical fib- 
ers 30 can be avoided. Therefore, there is no increase 
in transmission loss, and long-term reliability can be 
realized. 

EXAMPLE 

[0045] Fig. 5A is a plan view of an example of the 
optical fiber-anchoring apparatus according to the 
invention, and Fig. 5B a cross-sectional view taken on 
line D-D of Fig. 5A. 

[0046] In this optica! fiber-anchoring apparatus, four 
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optical fibers 30 are fixed to the fixing material 34 having 
thre concaves 34b. After the four optical fibers 30, the 
anchor positions of which have been integrated with one 
another by a UVcurable resin in the same manner as 
described above in connection with the optical fiber- 5 
anchoring apparatus shown in Fig. 3, are placed within 
the fixing material 34, the UV-curable resin 330 is filled, 
followed by ultraviolet irradiation to cure the UV-curable 
resin 330, thereby forming a covering material 33 fixed 
to the fixing material 34. A fixing piece 36 having a fixing 10 
hole is provided on four corners of the fixing material 34. 
A cover 37 is provided on the surface (upper side in Fig. 
5B) of the fixing material 34 so as to be screwed. 
[0047] This optical fiber-anchoring apparatus can 
be fixed to a predetermined position by screwing the is 
holes of the fixing pieces 36. 

[0048] As described above, the optical fiber- 
anchoring method and the optical fiber-anchoring appa- 
ratus according to the invention, even when optical fib- 
ers used have poor mechanical properties such as poor 20 
lateral pressure resistance and flexural strength, can 
provide a necessary anchor force without substantially 
increasing the transmission loss. That is, the optical 
fiber-anchoring method and the optical fiber-anchoring 
apparatus according to the invention can realize no 25 
increase in transmission loss and, in addition, good 
long-term reliability and thus can be applied to the 
anchoring of optical fibers in wavelength multiplexing- 
type optical submarine cables, as well as to the anchor- 
ing of all optical fibers having poor lateral pressure 30 
resistance. 

[0049] In summary, the invention can provide an 
optical fiber-anchoring method and an optical fiber- 
anchoring apparatus which can realize no significant 
transmission loss of the optical fiber, good long-term 35 
reliability, and satisfactory anchor force. 
[0050] The invention has been described in detail 
with particular reference to preferred embodiments, but 
it will be understood that variations and modifications 
can be effected within the scope of the invention as set 40 
forth in the appended claims. 

[0051] The features disclosed in the foregoing 
description, in the claims and/or in the accompanying 
drawings may, both separately and in any combination 
thereof, be material for realising the invention in diverse 45 
forms thereof. 

Claims 



ing material for anchoring; and 
anchoring the fixing material to a predeter- 
mined position. 

2. An optical fiber-anchoring method comprising the 
steps of: 

fixing a covering material onto the anchor posi- 
tion of a tension member and at least one opti- 
cal fiber so as to cover the anchor position, said 
covering material having been produced from 
substantially the same material as a jacket 
material of the optical fiber; and 
anchoring the tension member. 

3. An optical fiber-anchoring apparatus for anchoring 
at least one optical fiber, comprising: 

a covering material fixed onto the anchor posi- 
tion of the optical fiber so as to cover the 
anchor position, said covering material having 
been produced from substantially the same 
material as a jacket material of the optical fiber; 
and 

a fixing material to which the covering material 
is fixed and which is anchored to a predeter- 
mined position. 

4. The apparatus according to daim 3, wherein the 
covering material has a convex and the fixing mate- 
rial has a concave into which the convex is fitted. 

5. An optical fiber-anchoring apparatus for anchoring 
at least one optical fiber, comprising: 

a tension member arranged in combination 
with the optical fiber; and 
a covering material fixed onto the anchor posi- 
tion of the tension member and the optical fiber 
so as to cover the anchor position, said cover- 
ing material having been produced from sub- 
stantially the same material as a jacket material 
of the optical fiber. 

6. The apparatus according to claim 4 or 5, wherein 
the covering material has been produced from a 
UV-curable resin. 



1. An optical fiber-anchoring method comprising the so 
steps of: 

fixing a covering material onto the anchor posi- 
tion of at least one optical fiber so as to cover 
the anchor position, said covering material hav- ss 
ing been produced from substantially the same 
material as a jacket material of the optical fiber; 
fixing the covering material to the inside of a fix- 
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